A Shimadzu spectrophotometer (160-A, Japan) with 1-cm glass cell was used to measure the absorbance. A thermostated water bath (Heidolph, Germany) was used to keep the temperature of all solutions at the working temperature (25 ± 0.1 C). A stop-watch was used to record the reaction time. 
introduction
Iodine is a highly volatile element, and is emitted into troposphere by natural anthropogenic sources, such as burning coal, smelting ores and evaporation of soil iodine. This element is an essential nutrient in the human diet, which is naturally found in or added as a supplement to many food samples. 1 The daily requirement of iodide is 0.14 mg for adult men and 0.10 mg for adult women, 2 which is normally met by well-balanced diets and drinking water. 3, 4 The absence of this element in the diet may result in serious biochemical disturbances, i.e. myxedema and cretinism. Iodide deficiency causes goiter disease, and its excessive intake may contribute to thyrotoxicosis. 5 Therefore, the determination of iodide in food samples is important with respect to environmental and biochemical aspects.
Several sensitive methods used for determination of trace amounts of iodide in various samples include inductively coupled plasma-atomic emission spectrometry (ICP-AES), 6, 7 inductively coupled plasma-mass spectrometry (ICP-MS), 8, 9 neutron activation analysis (NAA), 10, 11 ion chromatography (IC), [12] [13] [14] molecular absorption spectrometry 15 and an optical redox sensor. 16 These methods are expensive and require preconcentration [6] [7] [8] [9] [10] [11] [12] [13] [14] and/or separation [10] [11] [12] [13] [14] of the samples or special instruments. [6] [7] [8] [9] [10] [11] 15, 16 However, we need a simple, sensitive and selective method that does not require any excess process of foods in order to analyze a large number of samples.
Various reports on iodide determination by spectrophotometric methods are available. The NO2 --[Fe(SCN)] 2+ reaction has been adopted as a standard method for iodide determination in natural and waste water samples as well as in food and biological samples. 39 In this paper, a kinetic spectrophotometric method is proposed based on a catalytic effect of iodide on the reaction between Janus Green and bromate in acidic media. The reaction was followed spectrophotometrically by monitoring the decrease in the absorbance of Janus Green at 618 nm with a fixed-time method. The proposed method is suitable for the determination of iodide in food samples.
experimental

Reagents and chemicals
Analytical-grade chemicals and redistilled water were used. First, 100 mL of an iodide stock solution of 100.0 mg L -1 (as iodide stock solution) was prepared by dissolving 0.0131 g of potassium iodide (Merck) in water and diluting to 100 mL in a volumetric flask. Working solutions were prepared by appropriate dilution with water. A solution of Janus Green (1.0 × 10 -3 mol L -1 ) was prepared by dissolving 0.0511 g of it in water, and then diluting to 100 mL in a volumetric flask. A sulfuric acid solution (2.0 mol L -1 ) was prepared by diluting 54. 35 A simple, selective and sensitive kinetic method has been developed for the determination of trace amounts of iodide. This method is based on a catalytic effect of iodide on the reaction between Janus Green and bromate in acidic media. Trace amounts of iodide increase the rate of a reaction that is monitored spectrophotometrically at 618 nm by a fixed-time method at 30 s. Effective parameters on the reaction rate, such as the concentration of reactants, temperature and reaction time, were investigated and the optimum conditions were obtained (6.0 × 10 -2 mol L -1 of sulfuric acid, 2.50 × 10 -5 mol L -1 of Janus Green, 1.75 × 10 -2 mol L -1 of bromate, 30 C and 180 s). The calibration curve was linear between 0. 5 -190 .0 μg L -1 of iodide, and the relative standard deviations (n = 5) for 10.0 and 100.0 μg L -1 of iodide were 1.2 and 1.8%, respectively. The limit of detection was 0.12 μg L -1 of iodide concentration. The effects of various substances upon the reaction rate were determined for assigning the selectivity of the method. The proposed method was successfully applied to the determination of iodide in food samples. The new developed method was found to have fairly good selectivity, sensitivity, simplicity and rapidity. 
Recommended procedure
After initial spectrophotometric kinetic studies of the reaction, the reagent concentrations (except the catalyst) were judiciously chosen for the analytical procedure. To a series of 10 mL calibrated flasks, 0.25 mL of 2.0 mol L -1 sulfuric acid, 0.25 mL of a 1.0 × 10 -3 mol L -1 Janus Green solution and 1.0 mL of 0.1 mg L -1 of iodide were added. Then, 0.4 mL of 0.25 mol L -1 bromate solution was added and the solution diluted to the mark with redistilled water. A time measurement started just after adding the last drop of the oxidant solution. After thorough mixing, a portion of this solution was transferred to a glass cell, and the absorbance was measured against water at 618 nm and 25 C for fixed times of 0.5 and 5.0 min. The measurements were repeated in the absence of iodide to obtain the value for the uncatalyzed reaction as the absorbance of the blank. The absorbance changes of the catalyzed and uncatalyzed reactions were labeled ∆Ac and ∆Au, respectively. The difference in the absorbance (∆A) was considered as the response.
Procedure for food sample preparation
Food samples were subjected to an alkaline ashing process to decompose any organic matter and to convert iodine organically bound to the catalytically active inorganic form. During an ashing process, ultrasonication was performed so as to minimize the adsorption of iodide. 33 For treating food samples, several tubes were simultaneously run along with a blank, as follows. We accurately transfered 0.70 -1.00 g of a homogenized (finely blended) sample to a 25 × 150 mm Pyrex tube. To decompose nitrite, 2 mL of 3% sulfamic acid was added and placed in an ultrasonic bath for 10 min. Then, 1 mL of a 2 mol L -1 KOH solution was added, followed by 1 mL of a 10% ZnSO4 solution. These were mixed well and heated at 150 C for 30 min, after which the temperature rose to 500 C and was maintained for 2 h. We then cooled the tube, dissolved the formed iodide in about 10 mL of water, and centrifuged at 3000 rpm for 3 min to separate the extract from carbonaceous matter. The formed extract was decanted into a 25-mL calibrated flask, added further 10 mL of water, and repeated the dissolution, centrifugation, and decantation steps. The combined extracts were diluted to the mark in a calibrated flask. 33, 40 results and Discussion Janus Green is a basic dye of a mono-azo group that can be oxidized by strong oxidizing agents, such as bromate in an acidic media at a slow reaction to produce a colorless oxidized form. 41, 42 It was used as an indicator for the catalytic determination of formaldehyde 42 and silver, 43 and also for the catalytic determination of iodide.
The effect of such parameters as the reagent concentration, temperature and time on the reaction rate was studied based on a fixed-time method to obtain the best sensitivity, and to find the optimum conditions. Under these conditions, a calibration curve was constructed by plotting ∆A = ∆Ac -∆Au versus the iodide concentration.
Effect of the reagents concentration
The effects of the sulfuric acid concentration on the catalyzed and uncatalyzed reactions were studied over the range of 0.02 to 0.08 mol L -1 . As shown in Fig. 1 , the reaction rate increased with increasing sulfuric acid concentration up to 0.06 mol L -1 , whereas at higher concentrations the rate of the reaction decreased. Therefore, a 0.06 mol L -1 sulfuric acid solution was used for a further study.
The effect of the Janus Green concentration on the reaction rate was studied in the range of 1.0 × 10 -5 to 3.5 × 10 -5 mol L -1 . As shown in Fig. 2 , by increasing the Janus Green concentration up to 2.5 × 10 -5 mol L -1 , the rate of the catalyzed reaction increased. Therefore, 2.5 × 10 -5 mol L -1 Janus Green was chosen as the optimum value. The effect of the bromate concentration on the rate of the catalyzed oxidation of Janus Green was studied in the range of 5.0 × 10 -3 to 2.25 × 10 -2 mol L -1 of bromate. As shown in Fig. 3 , under the optimum concentrations of H2SO4 and Janus Green, the rate of the reaction was increased up to 1.75 × 10 -2 mol L -1 of bromate, which was selected as being the optimum concentration of the oxidant.
Effect of the ionic strength, temperature and reaction time
The effect of the ionic strength was studied by using a potassium nitrate solution (3.0 mol L -1 ) under the optimum reagent concentration. The results showed that the sensitivity dose not depend on the ionic strength up to 0.5 M of the potassium nitrate concentration, whereas greater amounts of it decreased the sensitivity. This may be attributed to the absorption behavior of Janus Green under this condition. At higher concentrations of potassium nitrate, the close proximity of ions to Janus Green alters the molar absorptivity of dye due to electrostatic interactions.
The effect of the temperature on the reaction rate was studied in the range of 15 to 40 C in the optimum concentrations of the reagents. Increasing the temperature up to 30 C caused an increase in the sensitivity, whereas at higher temperatures it decreased. Thus, 30 C was selected as being the optimum temperature.
The optimum time was found by measuring the change in the absorbance during 0.5 -5.0 min. The reaction rate increased for up to 180 s, and for longer times the rate was almost constant. Therefore, 180 s was selected for further study.
Analytical parameters
After optimizing the reaction conditions, a calibration curve was obtained over the range of 0. 5 -190 
Interference studies
The effect of various substances on the determination of 100.0 μg L -1 of iodide was studied; the results are given in Table 1 . The tolerance was defined as the concentration of added substance causing a change of less than 5.4% in the rate a. Food samples were collected from the local market; the determined weight of a given food sample was subjected to the alkaline ashing step of the recommended procedure; the ash was treated, dissolved, and diluted in a 50-mL calibrated flask and then the suitable volume was used for analysis. b. Total iodide concentration expressed in μg L -1 (or μg kg -1 ); data are averages of five replicate determinations. c. Samples were dried in a thermostatted oven at 50 C to constant weight.
of the catalyzed reaction (three-times the standard deviation in 100.0 μg L -1 of iodide). Many foreign species did not interfere, even in a 1000-fold iodide. Sulfamic acid is an effective reagent for nitrite decomposition, which was used for this purpose. The addition of 2 mL of 3% sulfamic acid solution improved the interfering effect of nitrite to 1000-fold. The interfering effect of some of cations was removed in the presence of 2 mL of a 2% EDTA solution. Chloride, bromide and vanadate ions had a seriously interfering effect.
Application
To evaluate the analytical applicability of the method, it was used for the determination of iodide in various food samples. Food samples were prepared according to the mentioned procedure. The results of the analysis of food samples by the proposed procedure and the standard method 39 are given in Table 2 . The recoveries were close to 100%, which indicate there was no serious interference in such food samples. The t-test did not show any significant difference between the data obtained from the two methods (the 95% confidence level and eight degrees of freedom). As given in Table 3 , the method surpasses most kinetic methods for iodide determination in both the dynamic range and the detection limit. Therefore, the developed method is suitable for the analysis of food samples with satisfactory results.
Conclusions
The behavior of a selected system allowed the development of a kinetic method for the determination of trace amounts of iodide without any separation or preconcentration step. Hence, the use of organic solvents, which are generally toxic pollutants, is avoided. The proposed method is simple, sensitive and relatively selective compared with other methods. The procedure is suitable for the analysis of various food samples with satisfactory results. 
